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iNVESTIWCt"0N AT MACH NUMBERS OF 1.41, 1.61, AND 1.82 

OF TWO VARIABIE-GEOWRY I N " S  HAVING 

TWO-DIMZNSIONKL COWFXSSION SURFACES 

L o w e l l  E. Easel 

a-e-tenth-scale models of' two inlet   configuratlons of' fighter-type 
a i r c r e f t  have  been tested i n  the Langley 4- by b f o o t  supersonic  pressure 
tunnel. One model had a nose inlet   incorporating a horizontal-ranp 
compression surface. 2%e seco-rld m o d e l  had a chin-scoop inlet   incorporating 
a v e r t i c a l   s p l i t t e r .  The pressure-recovery and force  cheracter is t ics  of 
the   in le t s  were determined as a fm-ction of mass-flow ra t io ,  angle of 
i n l e t  compression, angle of attack, and Mach number. An investigation 
was Fade of the effects of removing the boundary layer on Vne compression 
surfaces by means of area suctioc. 

The m i m u m  pressure  recoveries  obteined a t  an  angle of attack of 2O 
et &ch nunhers of 1.41, 1.61, end 1.82 from the nose  and  chin-scoop 
in l e t s  w i t h  solid  conpression  surfaces w e r e  0.95, 0.91, 0.86, and 0.94, 
0.91, 0.85, respective-, of -&e free-stream  stagnation  gressure. me 
stable mass-flaw range of both  inlets  wes p r i m r i j y  a function of &kch 
number m-d decreased  from  averege  values of about 0.50 to 0.04 f o r  the 
nose ir-let and from 0.23 t o  0.06 f o r  the chin-scoop i n l e t  as the Mach 
=umber increased  from 1.41 t o  1.82. The ef fec ts  of angle of attack grid 
YE%- 011 press-me recovery of the i n l e t  were consistect  with *he geozetry 
of the inlets.   Increasing the angle of a t tack  had some beneficial  effects 
on the  pressure  recovery of the nose i n l e t  but little e f f e c t  on the chin- 
scoop i n l e t .  Angles of yew had a detr imental   effect  on the pressure- 
recovery  and  buzz character is t ics  of. the chin-scoog in l e t   bu t  had l i t t l e  
e r f ec t  on t'ne nose inlet.  Elimination of the boundary-layer  bleed  system 
on the  chin-scoop i n l e t  by means of a fuselage  fa i r ing had no e f f e c t  on 
Tne tkrust-minus-drag  characteristics of the in l e t .  

The use of arez sizction on the   i n l e t  compression surfaces  resulted 
i n  mximum pressure  recoveries which were 0.02 to 0.06 higher than the 
recoveries of slrnilar configurations  without aree suction. In general, 
the  use'of  area  suction did not   s ign i f icant ly   e f fec t  the i n l e t   s t a b i l i t y  



ranges.  Inasmu2i  as  the  external-drag  incremnt  due to area  suction  was 
Insignificant,  the  use of area  suction  improved  the  thrust-minu-drag 
cheracteristics  of  both  inlets. 

INTRODUCTIOE 

~n investigation  of 1/10-scak m o d e l s  of  two  inlet  codigurations 
of  fighter-type  aircraft  has  been  made  at hch numbers of 1.41, 1.61, 
and 1.82 in the langley 4- by 4-foot supersonic  pressure  tunnel.  One 
model  representing a day fighter had a nose  inlet  incorporating a 
horizontal-ramp  compression  surface.  The  second  model  representing  an 
interceptor had a chin-scoop  inlet  incorporating a vertical  splitter. 
The  investigation was conducted  to  provide  experimental  pressure-recovery 
and  force  date  which would assist  in  establishing a kch number  schedule 
for  the  variable-geometry  inlets  for  the  aircraft.  The  investigation 
included a study  of  the  effects  of  removing  the  boundary  layer on the 
conpression  surfaces  by means of  are8  suction.  !Be  angles of attack and 
yaw  were  varied  from 00 to 60 and from 0' to bo, respectively. 

A, 

Af 

CD 

c, 

D 

H 

H, 

SYMBOIS 

duct-exit  area, 0.089% s q  ft 

model  frontal  area, 0.2394 sq ft 

external drag coefficient,  based  on  model  frontal  area of 
0.2394 sq ft 

internal  drag  coefficient,  based  on model frontal  area  of 
0.2394 sq ft 

external  lift  coefficient,  based  on  model  frontal  area  of 
0.2394 s q  It 

pitching-moment  coefficient,  based  on  model  frontal  area 
of 0.2394 sq ft and length  of 4.065 ft 

drag,  lb 

stagnation  pressure,  lb/sq  ft 

free-stream  stagnation  pressure, lb/sq ft 

. 
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height of boundary-layer  bleed,  in. 

free-stream Vech number 

mass flow, slugs/sec 

free-stream mass flow, slugs/sec 

duct-exit  static  pressure,  Ib/sq ft 

free-stream  static  pressure,  Ib/sq ft 

free-stream  dynamic  pressure, lb/sq ft 

engine  thrust,  Ib 

engine  thrust  at  100-Fercent  pressure  recovery, Ib 

duct-exit velocity, ft/sec 

free-stream  velocity,  ft/sec 

weight  of f l o w  of air,  lb/sec 

vertical  distance  in  duct, in. 

total pressure  recovery a% compressor  face 

local totel pressure  recovery ir? diffuser 

mass-flow  ratio,  based or? inlet  cagture m e a  of 0.&66 sa_ ft 
for  inlet A and 0.0511 sa_ ft fo r  inlet B 

angle of attack  neasured from inlet axis, deg 

engine-inlet total pressure  divided  by NACA sea-level 
pressure 

inlet total  temperature  divided  by NACA sea-level  temperature 

angle  of  conpression  surface  (measured f r o m  inlet axis on 
inlet A) , deg 

angle of yew, deg 
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The  Iangley 4- by  4-foot  supersonic  pressure  tunnel  has a single- 
return  closed  throat  aEd is capable  of  operating  at  Mach  numbers  from 
1.25 to 2.2. The  test  section  employs  fixed  side walls and  flexible  top 
m d  bottom walls. The nozzle  contours  are  formed by pulling  the  flexible 
walls  against  fixed,  but  interchangeable,  templates.  The  test-section 
width  is 54 inches.  The  average  test-section  heights  are 53.3,  53.0, 
and 58.1 inches  at Mach numbers  of l . b l ,  1.61, and 1.82, respectively. 
An external  source  of  dry  air  is  provided  to  maintain a low moisture 
content  in  the  tunnel so that  condensation  effects  may  be  avoided.  The 
stagnation  pressure  can  be  varied  from  approximately 0.25 to 2.0 
atmospheres. 

MODELS 

General  Description 

. 
The two models of this  investigation,  designated  as  inlets A and B, 

were  furnished by A&e aircraf%  manufacturer.  Inlet A represents a day 
fighter  configuration,  and  inlet B represents  an  interceptor  configuratlon. 
A schematic  drawing  and a photograph of the  conplete model are shown in 
figures 1 and 2, respectively.  Aerodynamic  forces  were  measured  on  that 
part of the  inlet  forebody forward of station 44.78 (fig.  l(a)). The 
rearward  part  of  the  model  (fig.  l(b))  containing  the f l o w  nozzle and 
instrmentation  for  measuring mass-flaw ratio  was  rigidly  attached  to 
the  sting  support. 

a 

Inlet  Forebody 

General  details. - The  inlet  forebody  was  separated from the mass- 
flow  measuring  assembly  by a labyrinth  seal  with a small clearance gap 
as  illustrated  in  figure  l(a). ~n electrical  warning  system  was  used 
to indicate  fouling  at the gap.  The  axis of t~at part of the  model 
foriard  of  station 32.00 was  inclined 2O in a positive  direction  with 
respect to the  sting  and  balance axis. This  inclination  facilltated 
fairing  of the inlet  external  lines  into  the  rearward  section  of  the 
forebody.  The  inlet  forebody  shape  behind  station 32.00 was  identical 
for both i n l e t s .  

. Inlet A.-  A detailed  schematic  drawing and e photograph of inlet A 
are  presented  in figzes 3 and b, respectively.  This  conf3guration has 
E. nose  inlet  incorporating a gm-sight radar  fairing  (fig. 4) on  the  top 
lip.  The  plane  of  the  inlet lips was  swept 49O from the  vertical phne. 
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Varieble geometry was provided by ~ a n s  of removable ra.q blocks  having 
compression angles 56 of 3.0°, 8.0°, and 12.5". The duct  shapes f o r  
these r a p  angles are shown i n  T i g u r e  3. 

Tcree 12.5O blocks were constructed of porous, sintered surfaces 
of s ta inless  steel or   b rass   to  permit removal of the r a p  boundary-leyer 
air. The amount of the ramp surface which w a s  porous was varied  during 
the investigation by progressively  f i l l ing t i e  porous  s-urface w i t h  lacquer. 
The following table defines the nmenclature  used  to  desip-ate the extent 
of porous-rang surface. 

I Location of porous su r face   i n  terms of 
mode1 s t a t ion   ( f ig .  3 )  I 

t I 

I 
AB 
AC 
AD 
PX 

-2.2 t o  -0.7 
-2.2 t o  0.6 
-2.2 t o  2.4 
-2.2 t o  4.0 

It should  be  noted that the dim=r?sions -2.2 and 4.0 do not  include the 
short lengths of  porous surface on each enci which were backed up by a 
sol id   surface  for   fas tening purposes. The air passing  through the porous 
surfaces was removed through ttTo exi ts ,  one of which is visible. i n   f i g -  
ure 4. These ex i t s  were closed  during %he t e s t s  w i t h  nonporous ramps. 

Four total-pressure  tubes were located i n  the subsonic  diffuser et 
s ta t ion  7.9 to deterxuine the e f f ec t  of  porous ramps on the diffuser  
total-pressure  distribution. 

i n l e t  B.- A detailed schemtic  &awing and a photograph of i n l e t  B 
are  presented i n  figures 5 and 6 ,  respectiveLy. %is model had a chin- 
scoop i n l e t  w i t h  a re lat ively  large radonie shape forming the nose of the 
configuration. Inlet B incorporated a ver t ica l   sp l i t t e r   for   genera t ing  
the oblique  compressim  shocks. Variable geometry was provided by in te r -  
changeable s p l i t t e r  blocks  having  half-engles $ of 3O,  7O, loo, and 14O. 
The helf-angle of the  leadifig edge of a u  s p l i t t e r s  w e s  30 (fig. 6). m e  
top view of the inlet ( f ig .  5 )  shows t k t  the l i p  of the i n l e t  was curved 
considerably. 

One loo &--angle s p l i t t e r  w a s  constructed of porous s ta in less   s tee l .  
The extent of the porous surface wes veried  during the investigation, as 
on i n l e t  A. The following &able defines the nomenclature  used to designate 
the extent of porous-rmrp surfsce. 

a 

. 
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Configurat ion Location of porous surface  in terms of 
model s ta t ion   ( f ig .  5)  

" 

BC 5.8 t o  10.6 
BD 5.8 t o  14.7 

As on i n l e t  A, the dimnsions 5.8 and l k . 7  inches do not  include the 
lengths of porous surface used for  support   prposes.  The air which 
passed  through  the  porous  surfaces  escaped from the model  by meacs of 
the   ex i t  shown in  f igure 5 .  This e x i t  w a s  closed when not   in  use. 

"he sp l i t t e r   o f   con f ig i a t ion  BC was modified, as shown in  sect ion BB 
of figure 5 ,  t o  provide a O.OO7-inch gap between the splitter and the  top 
of the in l e t .  This gap permitted more of the boundary-layer air t o  be 
removed through  t%e  porous-sglitter air exit. 

A total-press3re  rake of sever, tubes was located  in the diffuser 
( f ig .  5 )  to determine the ef fec t  of the porous-splitter  surface on the 
total-pressure  distrLbution. 

4 boundary-layer bleed system was provided to   d ive r t  tAe boundary 
layer of the fxselage from the inlet .   Exi ts   for  the bleed system were 
located on the sides of the fuselage as shown in  f igures  5 and 6. Bleed 
heights of 0, 0.25, and 0.21 inch were provided. The in-lermediate  height 
corresponded to  tke  full-scale  configuration. A larger height was provided 
to   accos- t   for   tne  var ia t ion of height of the boundary layer due t o  the 
difference between fizil-scale m-d tame1 Reynolds nuuibers. The bleed 
height was varied by a l te r ing  tine fuselage  fairing ahead of the i n l e t  as 
shown i n  figsre 5.  

Area dis t r ibut ion of ducts.- The area dis t r ibut ion of ducts  for  both 
in l e t s  i s  presented  in figure 7. The duct  shapes  f'urnrd of the conpressor - 

rake ( f ig .  l(e)) duFlicate  the  actual airplar,e instal la t ions.  

Chmacterist ics of poroas  materials.- The t E e  of  porous surface w i l l  
be designated by a nunber (I, 2, or 3) preceding  the letter designation 
used t o  denote the extent of the porous surface. Materids 1 and 3 were 
s ta in less   &eel  acd had a re lat rvely rough surface;  material 2 was brass 
acd had a smooth, Folished  swface. The flow character is t ics  of these 
materials were obtained by cal ibrat ing  several  of the ramp and s p l i t t e r  
configurations. Porosity-chesacteristics data are presented  in figure 8. 
It should be nentioned that these  data w e r e  obtalned  without flaw p a r a l l e l  
t o  the surface. The actual  flow  throagh  the  surzace is probably less than 
would be indicated from figure 8 Secause  reference 1has shown that, f o r  a 
given pressure difference, the flow t h r o u a  the surface  decreases as the 
flow paral le l   to   the  surface  increases .  
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Pressure  and  force  instrumentation.-  Pressure-recovery  measure- 
ments  were  made  at  station 32.35, which  corresponds  to  the  compressor- 
face  station, by means  of  four  rakes  of  five  total-pressure  tubes  each. 
These  rakes  vere  spaced  at 60° intervals  (fig.  l(a) , section AA) . Two 
dunmy  rakes  were  included  to mke the  installation  symnetrical. A set 
of four  total-pressure  rakes  (fig.  l(a),  section BS) os" five  tubes  each 
were  instelled .z.t station 48.35 (just  ahead of the  duct  exit)  to  deter- 
nine  the  in"erna1  drag.  The  rakes  were  spaced  at 900 intervels.  St&.tic- 
pressure  orifices  were also located  in  the  duct  walls  at  station 48.35. 
Base  pressures  were Easurea by mem-s of I2  static-pressure  orifices 
distributed  over a l l  the  incremental  areas  making  up  the  base of the 
inlet  forebody. A dyr-amic-pressure  pickup  was  installed  in  inlet A at 
station 7.9 (fig. 3) and in  inlet S et station 16.5 (fig. 5) to  observe 
the  static-pressure  fluctuations  in  the  subsonic  diffuser.  The  forces 
of the  inlet  forebody  xere  measured by means of' an internal  strain-gage 
bamce located  as shown in  fzgure  l(a) . 

Mass-Flow Peasuring  Assembly 

Ifass-flow  Eeesurements  were  made  by mans of the equiprent  shown  in 
figclre  l(b) . This  imtallation was designed  according  to  the  standards 
of the Americm Society  of  Mechanical  Engineers  end  incorporated  darnping 
screens  upstream  of the flow nozzle. The  ratio of nozzle  to  duct  dian- 
eters  was 0.nL Four static  orifices  were  located  at  each  of the two 
planes  illustrsted  in  figure l(b) . The mount of air  passing  through 
the  inlet was conkrolled  by means of a butterfly  valve  located  down- 
stream  of  the  flow  nozzle. 

Faired-nose  Configurations 

The  faired-nose  configuratioos  are show- in  Tigure 9. These  con- 
figurations  were  Ldentical  with  the  noses  used on other  stability  models 
which  had  no  inlets.  For  comgarison,  the  general  outlines of inlets A 
and B are  shown  witn  dashed lines. 

TESTS 

The tests  were  conducted  et  stagnation  pressures  of 13 pounds  per 
sqmre inch  absolute  at Iwkch numbers  of 1.41 and 1.61 and  at 12 pounds 
per sqmre inch  absolute st a Vech  number of 1.82. The corresponding 
Reynolds  numbers  per  foot of length were 3.7 X 106, 3.7 X 106, and 
3.2 X 106. During  all  the  tests  the  rnoFsture  content of the air  in  the 
tunnel was mintained  at a value law enough to  prevent  condensation 
effects in the  test  sectioc. 
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The  inlets  were  located  upstream of the  test-section  windows; 
conseqcently,  the  start  of  buzz  codld  not  be  determined  by  observing 
the  air flow around  the  inlets  with a schlieren  system.  Therefore,  the I* 

outpsrt  from  the  dynamic-pressure  pickups,  which  was  fed  into  an  oscillo- 
scope,  was  used  to  detect  buzz. The start of buzz was considered  to 
OCCUT at  the  highest mass-flaw ratio  at  which  the  static-pressure  varia- 
tions  were  characterized  by a law-freqxency  and a relatively  high  ampli- 
tude  fluctuation.  For  most  of  the  tests,  the mass-flaw ratio of the 
buzz  transition  was  eesily  detected.  Oscillograph  records  of  the  static- 
pressure  variations  which  were  present  just  before  buzz  and  after  buzz 
were  taken  during e. large  number of the  tests;  in  general,  these  records 
verified  the  visual  observations. 

The  pressures of all nodeb, except  those  used to calcukte pass- 
flow ratio,  were  photographically  recorded  on  an  inclined  multiple-tube 
manometer  board  filled  with  mercury.  For  these  tests  the  effective 
specific  gravity of the mrcury column  was  about 5.4. The  static-presswe 
difference  across  the  flaw  nozzle  (fig.  l(b))  was  measured  with a 
micromanometer  filled  with  Alkazene 42, a fluid  which has a specific 
gravity  of  about 1.73. m e  absolute  static  pressure  indicated  by  the 
orifices  upstream of the  nozzle was measured  by a mercury  micromanomter. 

RZDUCTION OF DATA 6 

The mass-flaw ratio  through  the  inlet m/% was calculated  as  the 
s'm of the mass flows  passing  through  the  flaw  nozzle  (fig. l(b) ) and  the 
small gap  (fig.  l(a) ) at  the  inlet-forebody  base.  These mass f lowe were 
calculsted  on  the  basis  of  experimental  calibrations  which  were  made  for 
both  %he  nozzle  and  the  gap.  The  difference beheen the  exgerimental- 
end  the  theoretical-calibration  curves for the  nozzle  was  about  one- 
half percent.  The 1c&ss flow  tbzough  the  gap  varied  from  about 2 to 
6 percent of the  total mass flow  passing  tl-rrough  the  Fnlet.  The mass- 
flow ratios  for  inlets A and B are  besed  on  inlet-capture  areas of 
0.0466 a d  0.0511 square foot, respectively. 

The  srea-weighted  pressure  recovery €I/% was computed frm the 
to-b-1 pressures  measured  at  the  compressor  face  by  a6suming  thet flow 
symmetry  existed  about the vertical  center  line of the  duct. 

The  internal  drag  coefficient C D ~  was calculated  from  the fo l -  
lowing equation: 
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The model-exit  cozditions were considered t o  be the &rithmetic  average 
of the measured exc t -s ta t ic   md  ex i t - to ta l   p ressures .  

The external-drag-coefficient  data CD were calculated  in  the 
usual mner by subtracting  the  interxtal and base  drags from the 
indicated  balance  drag. The l i f t  date h&ve been corrected for  the 
in te rna l  l i f t  of the air passing  through  the  inlet by subtractizg the 

term 

have  been applied  to  the  tndicated  pitching  nments. All force  coeffi-  
cients  are based on the fror-tal   area of the model of 0.2394 sqwre foot 
and a reTerence  length of 4.065 fee t .  

mv. s in(a  - 2) 
%+ 

from the  indicated  balance l i f t .  No corrections 

ACCUFUICY 

Estimates of the  absolute  accurecy of the  drag and pressure-recovery 
data. a r e   d i f f i c u l t  t o  make because of the  limited number of pressure 
tubes which are ava i lab le   to  determine the local-flaw  characteristics. 
Relative  accuracies  based on r e p e a k b i l i t y  of' dzta &re est-ted t o  be 
as follows : 

H/Eb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.01 
m / q  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  tO.01 
CD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.003 

At supercrit ical   conditions the drag  errors  for cer-bein  configura- 
-Lions apyear to be larger  than 20.003. The reasons f o r  these Larger 
discregancies are not fully mderstood. 

After  the data. analysis was completed  and final figures  prepared, 
information was received from the  manufacturer t hc t   t he   i n i t i a l   ca l ib ra -  
t ion  of the flow nozzle was 1.5 percent i n   e r ro r .  Therefore, the mass- 
flow r a t i o s  presented  in this report  m i s t  be reduced by 1.5 percent t o  
obtein  the  correct  values. The maximum er ror  based on a drag  coeffi- 
c ient  of 0.15 introduced in   t he  drag data is about 3 percent. 

PRESENTATION OF B3SIlLTS 

The pressure-recovery E,&, amd exterml-drag CD data are pre- 
sented  in this report  &s a function of the mass-flaw r a t i o  m/rq,. m e  
maximum range of angle of a t tack w a s  from Oo t o  60. All angles of 
a t tack  are   referenced  to  the i n l e t  axis. A dcshed-line  fairing of the 
data indicates   inlet  buzz. 



Figure 10 presents  data  obtained  from  iclet A with  solid raps for 
ramp angles ,d of Toy 8O, and 12.5O. Only one  poro---ramp  configuration 
( L A @  was tested  at  all  three Pith nunbers,  and  these dab are  presented 
in  fLgure 11. The 2O angle-of-attack  data  from  figures 10 and 11 are 
summarized as a function  of  ramp  angle  in  figure E. Inclilded  in  fig- 
ure 12 are  estimated  pressure  recoveries  which  neglect t'ce subsonic- 
diffuser losses. The 2O attitude  was  chosen  for  the suumary plots 
because  it  aFproximtes  the  design  attitude of the  aircraft.  The  effects 
of varying  the  porosity  and  extent of the  porous  surface  on  the  ramp  of 
inlet A were  investigated  at  "EEb  nunbers  of 1.61 and 1.82, and  these 
data  are  presented  in  figure 13. Figure 14 summarizes  the  efrect  on 
pressure-recovery  and  drag  characteristics of varying  the  extent  of  the 
porous-ramp  surface  at M = 1.82. 

The  presswe-recovery  and  drag  data  obtained  from  inlet B with 
solid-splitter  surfaces  and  with  splitter  half-angles  of 30r 70, loo, 
and 14O are  presented  in  figure 15. Corresponding  data  with a splitter 
half-angle of loo and  porous-splitter  surfaces (1-BC) are  ?resented  in 
figure 16. A summy of  the  pressure-recovery data at  an  angle of attack 
of 2O from  figures 15 and 16 is  presented in figure 17 as a function of 
the  splitter  haU-angle. An estimated  pressure  recovery  is  also  included 
In  this  figure. The effects  of  varying  the  extent  of  the  porous  surface 
on the  splitter  of  inlet B and of varying  the  boundary-layer  bleed 
height JI at M = 1.61 are  shown in figures 18 and 19, respectively. 
The  resvrlts  of a brief  investigation of the  effects  of  yaw  on  the  buzi 
characteristics of inlets A and B are  presented  in  figure 20. 

A smmry of L%e Orag  and  thrust-minus-drag  characteristics  for 
inlets A and B are  presented  in  figures 21 and 22, resgectively.  The 
method  of  computing  the  thrust-minus-drag  parameter is sFmilar  to that 
presented ir, reference 2. The net value of thrust  minus  drag is refer- 
enced  to  the th rus t  at  100-percent  pressure  recovery.  The  actual  thrust 
WES assumed  to  be  Froportionalto  the  compressor  pressure  recovery,  and 
the  inlet  size  was  varied  to  supply  the  correct  amount  of  air to the 
engine.  The  amount by which  the  inlet  area  was  varied  is  also  presented 
in  figures 21 and 22 as the  ratio  of  matched  inlet  to  model  inlet  areas. 
Details  of  the  calculations  of  thrust  minus  drag  are  presented  in  the 
appendix . 

Comparisons  of  the  total-pressure  distributions  in  the  subsonic 
diffusers of inlets A and By with and without  porous  suction,  &re  shown 
in  figures 23 and 24, respectively.  Typical  total-pressure  distributions 
at  the  compressor  face  of  both  inlets  are  presented  in  figures 25 and 26. 

Tne lift  and  pitching-noment  charecteristics of inlets A and B are 
presented in figures 27 and 28, respective*, as a function of angle of 
attack.  These data were  obtained by averaging  the  results  obtained  at 

. 
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various  mass-flow  ratios.  The  effects  of mss-flaw ratio  on  the  lift 
aod pitching-momnt characteristics  were  negligible.  The lift, drag, 
and  pitching-moment  characteristics  of  the  faired-nose  configur&tions 
are  shovn  in  figures 29 and 30. These  latter  configurations  were  tested 
to provide a correlation  between  the  inlet data of  this  investigation 
end  other  stability  investigations  which  were  made with the faired-nose 
configurations. No discussion of the  lift  and  pitching-moment date is 
presented  in  this  report. 

The  englne  characteristic  used to compute  the  thrust-minus-drag 
paremeter is shown in  figure 31. 

TI 

DISCUSSION OF RtISuLTS 

Pressure-Recovery and Buzz Ch.zracteristics 

Talet A et a, = 2O.- The maximan pressure  recoveries  (fig. 1 2 )  of 
the  solid-ranp  configurations  were  about 0.95, 0. 91, and 0.86 at  Mkch 
numbers  of 1.41, 1.61, end 1.82, respectively.  These  recoveries  ere 
from 0.04 to 0.09 lower W n  the esthated values.  !These  estimated 
values  are  based  on a shock system  consisting of one oblique and one 
normal shock  occurriag at the mch  nuber behind  the  oblique  shock and 
do not  include  subsonic  losses.  It was assmed that the free-stream 
m c h  number  existed at the inlet, and the  comgression  angle of the 
oblique shock was &e 2O larger than the  correspording  ramp angle to 
account  for  the  angle of attack of the inlet. 31 generel,  the  differ- 
emes between  the  estime-ed  and  experimental  recoveries  increase as the 
Wch number  ahead of the normal shock of the  inlet  increases.  Use of 
the  orous  surface (1-AE) to  reduce  %he boEdary-hyer thickness on the 
12.5 r m  resulted in maxfmum pressure  recoveries -which were  about 0.03, 
0.04, and 0.05 higher  at bbch nmbers 1.4.1, 1.61, and 1.82, respectively, 
than the corresponding  recoveries  of  the  solid-ramp  configuration.  The 
mass-flow ratio  at  which  the nreximum gressure  recovery of each configura- 
tion was obtained  varied  vith r a q  angle and bkch number. For the  solid- 
ramp  con-tigurstions,  this  variation was, in general,  due to the vertical 
sweep  of  the  inlet Ups whfch  corresponded to the  sweep  of an oblique 
shock  generated by a 2.6O ramp an@ at a k c h  number of 1.61, or an 
8.0~ rams  angle  at a Path nunber  of 1.82. 

8 

The  porous-ranp  data at a  Each  number  of 1.82 (fig. 14) indicate 
that  use of a porous-  instead  of a solid-rang  surface fram stations A 
to C increased  the  maximum  pressure  recovery from 0.86 to 0.91. Further 
extension of the  porous  surface  from  stations C to E increased  tne 
maximum recovery by only 0.01. The  latter part of the  gorous rasp w a s  
probzbly in the subsonic  diffuser at pressure-recovery  conditions. 



"?e re la t ive  merits of removing the boundary layer akead or behind the 
n o m 1  shock  of the i n l e t  cannot be determined frorn these tests, however, 
because no t e s t s  were made with a porous surface from stat ions C t o  E 
only. 

The amount of a i r  whick passed  through  the  porous  surfaces  vas  not 
measured during these tests. The static  pressures on the   exi t   s ide of 
tke porous  s-=faces were measured a t  Mack? numbers of 1.41 and 1.82 and 
vere found t o  have a maximdm value  vhich w a s  about 10 percent above free-  
stream static  pressure.  However, the  val idi ty  of using a calculated 
pressure  difference with the data of figure 8 to determine  the  flog 
through the surface i s  questionable (ref. 1) because of t'ne high flow 
veloci ty   paral le l  t o  the ramp surface. Consequently, it is not  possible 
to deduce quantitatively from the  data  obtained with different  degrees 
of porosity  (fig. 13) the e f f ec t  of the  ra te  of air removal on  maxinum 
pressure  recovery. 

It is  apparent from the  preceding  discussion tha t  the boundary layer 
of the ramp had an adverse  effect on the  pressure  recovery of i n l e t  A. 
W-e data are not   suff ic ient ly  complete t o  evaluate the rngnitade of Vne 
boundary-hyer  losses,  but  these  losses are shown to be et least 3 t o  
5 percent or" the  free-streem  stagnation  pressure,  the  losses  increasing 
as the Mach number &ead of the norm1 shock i s  increased. 

A t  supercritical  conditions  (fig. 13) the mass-flow ra t ios  of porous 
configurations LAB, 2-AC, ar,d 3-Ai3 were greater then those of the  solid- 
ramp configurations. For configurations 1-AB and 2-AC this  increase 
probably resulted from a reduction of the effect ive ramp angle due t o  
the  bo-mdary-layer removal through the porous surfaces so tha t  more air 
was permitted to   en t e r  the i n l e t  a t  sxpercritical  conditions. Tnis 
additional  incremnt of air  was larger  than the amount  removed by the 
porous srrrface. For copyiguration 3-AE, r o e  calculations have indicated 
that, at   supercr i t ical   condi t ions where the p r e s s x e  recovery is  low,  the 
s ta t ic   pressures  ahead of the  diffuser normal  shock may have  been lcvr 
enough t o  drav a par t  of the additional increment of air throilgh the 
porous air ex i t   i n to  the Inlet  duct. 

It may be noted fo r  most of the porous ramp configurations that, a t  
supercritical  conditions, the mess flow continues to increase as the 
pressure recovery decreases. When the norpal shock moves farther down i n  
the diffuser, a smlier presszre difference  exists  across a larger par t  
of the poro-as surface end, as a resu l t ,  the a i r  flow through the porous 
surface decreases. As mentioned i n  the previous  paragraph,  the air flow 
may actually  reverse under certain  conditions. Inasmuch as the axount 
of air entering  the  iniet  remir-s  constant under these  conditions, the 
mass flow passir!g the comsressor fsce mst increase. 



The buzz character is t ics  of i n l e t  A with  solid ramps (f ig .  10) were 
primarily a function of Mach nuqber. A t  a mch number of 1.41 the  range 
of s table  mss-flow- ra t io   var ied from about 0.45 t o  0.55. As the bhch 
rmber  increased,  the  stable  rmge  decreased, and a t  a %ch nmber of 
1.82 the  range was &out 0.02 and 0.6 for   the  8O and l2.5O ramp angles. 
Neglecting  the  increesing mass-flow ra t ios  a t  sugercrit ical   conditions,  
the  use of the porous surface  (figs. 11 and 13) resulted  in  only smell 
changes i n   t h e   s t a b i l i t y  range of the   in le t .  

hlet B a t  a = 2'. - The maximum measured qressure  recoveries 
( f ig .  17) at  Yich numbers  of 1.41, 1.61, and 1.82 w i t h  the   so l id   sp l i t t e rs  
were about 0.94, 0.91, and 0.85, respectively. All these  recoveries were 
obkined  with  the 7O half-angle  spli t ter .  A t  higher  splitter  half-engles 
Vie measured p-essure recoveries  decreased  although, i n  general,  the 
estimted  recoveries  continued t o  increase. These estimated  recoveries 
were based on a shock  system  consisting of two obliqae shocks and one 
noma1 shock which occumed at  the Mach  number behind  the second  oblique 
shock. The compression a g l e  of the first oblique shock was 3.0' and 
that of the second  oblique  shock  varied  with sput ter   half-angle .  The free-  
stream Yech  nuznber WES asswed to e x i s t  a t  the   in le t ,  and the  effects  of 
subsonic  diffusion were neglected. The r i s e  of static  pressure  across 
the  oblique shocks formed by %he 7O half-angle   spl i t ter  was approxirately 
the same for   the  three test bkch  numbers. Lnesncch as these shocks Ley 
d e a d  of the l i p  of the  boundary-layer bleed, it may be that  the  higher 
pressure  r ise  associated  with  the  larger  spli t ter   angles hed sone adverse 
e f f ec t  on the radome-nose boundary layer which reduced the  effectiveness 
of the bleed system. The maximum pressure  recoveries of the porous 
s p l i t t e r  (I-BC) were about 0.m t o  0.06 higher  than the recoveries of 
the  corresponding  solid-surface  splitter (fig. 17). The data  of figure 18 
indicate that removal of more of the  corner boundary layer, by use of 
the smll gap ( Z i g .  5 ,  section FIB) a t  the  corners  forned by the  top 
of t he   sp l i t t e r  and &&e inlet, epparently improved the maxfinun! pressure 
recovery by 0.02. Basmuch as surface CD is i n  the subsonic  diffuser, 
the elLnination of the porous s p u t t e r   i n  Cnis region  Frobably had no 
adverse  effect  on the pressure  recovery. 

Eliminatioc of the boundary-layer  bleed  reduced  the maximum pressure 
recovery by about 0.01 (fig.  19). Apparently  the  fuselage  fairing (fig. 5 )  
which was used to  eliminate  the  bleed system w a s  about as effect ive  as   the 
bleed system in  diver t ing  the boundery layer of the fuselege Prom the 
in le t .  The effectiveness of the  feired  fuselage m y  have  Seen  due t o  i t s  
e f f ec t  on the  local   s ta t ic-pressme  dis t r ibut ion rather than t o  aa ac tue l  
diverting  ection. The original  fuselage shepe ahead of t he   i n l e t  probably 
created low loca l   s ta t ic   p ressures  and  thus  ceused e thickening of the 
boundary h y e r  =he& of LAe i n l e t .  Use of the  fuselage  fairing rmy heve 
prevented %?e local  thickening of the boundary leyer by making the   s ta t ic -  
press-lre  distribution more posit ive.  

. 
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- 
The stable mess-flaw range f o r  a l l  the solid-splitter  configurations 

(f ig .  15) was about the same a t  a given  Mch number bdt  decreased  from 
an  average  value of about 0.23 a t  a Mach  number of 1.41 t o  a value of 0.06 
a t  a k c k  number of 1.82. In  general, the use of porous surfaces did not 
s ignif icant ly   affect  the i n l e t   s t a b i l i t y  range  (figs. 15, 16, and 18). 

Effects of angle of a t tack  on in l e t s  A,and B.- The e f f ec t  of angle 
of a t tack on the presswe  recovery of i n l e t  A ( f ig .  10) varies with Mch 
nlJmber and ramp angle. In  general,  increasing the angle of a t tack  e i ther  
increased the pressure  recovery  or had no effect .  The largest  increases 
were obkined w i t h  the configuretions  hzving comTression angles a t  
2' angle of a t tack which were appreciably less than  the compression angle 
required  for optimum recovery.  In  general,  the change i n  buzz  charac- 
t e r i s t i c s  w a s  small. For the eo raq, however, large  increases i n  the 
range of stable mass flow  occurred et &ch nunibers of' 1.41 and 1.61when 
the  angle or" attack  increased from 4' t o  6'. 

The ef fec ts  of angle of a t tack on pressure  recovery and buzz of 
i n l e t  E! were srall. These small ef fec ts  might be expected  beca-ue the 
comgression  angles were essent ia l ly  independent of the angle of at tack 
for   the range of these tests. - 

Ya-x effects.-  The data of figure 20 indicate that the yaw ef fec ts  
on the pressure  recovery of the i n l e t  and minimum stable mess-flow r e t i o  
were ins igni f icant   for   in le t  A f o r  yaw angles up t o  4O. Yaw effects  were 
re la t ive ly   l a rge   for   in le t  B probably  because of i ts  v e r t i c a l   s p l i t t e r .  
On the latter in l e t ,  the pressure  recovery  decreased and stable mass-flow 
range  decreased as the yaw angle  increased a t  Mach numbers of 1.41 and 
1.61. The presswe-recovery data obtained a t  posit ive and negative  angles 
of yaw were slightly d i f fe ren t  because of the compressor-rake  design. 
These differences are i l l u s t r a t e d   i n  the data a% a Mach n u d e r  of 1.82. 

Drag and Performance 

In l e t  A. - The external  drag vas about the same ( f ig .  21), at a 
given  mass-flov r a t i o   f o r  the three  solid-ramp  configurations at 2O 
angle of attack. At mass-flow ra t io s  where an  appreciable amount of air 
xes sp:lled subcrit ically,  the drag of the porous ramp vas lower than 
t'nat of the  corresponding  solid-rmp  configuration.  kasmuch as a l l  the 
drag produced by removing the air through  the  porous  surface  vas  included 
in   the  external  drag coefficient,  these data indicate t h a t  spi l lage 
through the porous  sllrface  created less drag  than  spillage 3y neans of 
a norral  shock. As the mperc r i t i ca l  Fass-flow r a t i o  w a s  approached, 
the drag difference between the two configurations decreased and, a t  
!tach  numbers of 1.41 ani 1.51, the   supercr i t fcal  dzag of the pororrs ramp 
TVXS higher then t'nat of the sol id  rmp. 



The  high  external  drag of the 12.5' ramp  resulted  in log maxim-a- 
thrust parmters st Mack  numbers  of 1.41 end 1.61. Use  of  the porous- 
instead  of  the solid-raq  surface  increased  the  meximum-thrust  paremeter 
by  increnents of about 0.02 to O.m, the  larger  increnents  occurring  at 
the  higher  Mach  num5ez-s. 

hlet E.- The  data  of  figure 22 iadicete  that  at Mch numbers  of 
1.41 andl the  ex-ternal  dreg  coefficients  for e given mss-flow retio 
mry appreciably  with  splitter &--angle. 

The nexinzum-thrust parameters of t2e solid splitters  were  obtained 
with  the 3 O  and 7' splitters.  At  the  lerger sputter half-angles  the 
decrease of pressure  recovery  and  increase of external  drag  resulted 
in  large  decreases Fn the tmust parmeter.  Use  of  the goro1is sglitter 
resul-led in maximum-tkcust  parameters  which  were  about 0.01, 0.05, and 
0.06 higher  thaE  those  of  %he  corresponding  solid-splitter  values st 
Y~ch numbers  of 1.41, 1.61, and 1.82, respectively.  Elimimtion of the 
boundary-layer  bleed  had no effect  on t&e mximum-tbxust  $arcmeter  of 
the  inlet  vith  the  solid loo splitter. 

r .  

Diffuser  Total-Pressure  Distribution 

Tne  total-pressure  surveys  which  were  made  in  the  subsonic  ducts 
of both inlets  (figs. 23 and 2k) indicate  that  the  use of the  porous rap 
and  splitter  surfaces  resulted  in  significant imreases in  the locsl  total 
pressures  in  parts of the  diffusers. It is  interesting  to  note  on  inlet B 
(fig. 2b) that  the  total  press-ures  were  rehtively  independent of' the 
distance  from  the  splitter  but  were  dependent  upon  the  distance f r m  the 
top  surface  of  the  duct.  Apparently,  the curvatwe of  the  duct  (fig. 5 )  
and  the  resultant  static-pressure  distributim  across  the  duct  forced e 
large  part of the sputter boundary  layer to the  top  duct  surface.  There- 
fore,  as the porous  surface  reduced  the  splitter  botmdary-kyer  thickness, 
the  local total pressure  near  the  top  of  duct  increased  appreciably. 

The ty-pical  total-pressure  distributions et the  compressor  face 
(figs. 25 and 26) indlcate  that  for  both  inlets  the  total-pressure  varia- 
tion  decreases  as  tke  coqressfon  sngle  increases.  The  use 03 the  porous 
surTaces  increased  the  overall  level o? the  total  pressure  but  did  not 
decrease  the miction of t h e  total  pressure  across  the  compressor  face. 

CONCLUSIONS 

An investigation of the  pressure-recovery  and  force  chmacteristics 
of l/lO-scale  models of two  inlet  configurations of fighter-type aircraft 
has  been  made  at mch nmbers of 1.41, 1.61, and 1.82. One  model,  inlet A, 



had a nose iplet incorporating  a  horizontal-rm.p compression surface. 
Tie  second model, i n l e t  3, had a  chin-scoop inlet   incorporating s 
verticaLwedge  spli t ter .  Based on this investigation,  tne  following 
conclusions  uere made: 

1. The maximum pressure  recoveries  obtained a% Ekcb Embers of 1.41, 
1.61, and 1.82 from in l e t s  A and 3 a t  an  angle of attack of 2O were &bout 
0.95, 0.91, 0.56, and 0.94, 0.91, and 0.85, respectively. m-ese recov- 
e r i e s  ;.rere from 0.04 t o  0.09 lover  than  estfmted  recoveries which 
neglected  suhonic  losses. 

2. The range of s table  mass f 10%- of both i n l e t s  WES primarily a 
fmc t ion  of h c h  number. For i n k t  A, the stable  range  decreased from 
an zverage vake  of about 0.50 t o  0.04 as t i e  Ihch number increesed from 
1.41 t o  1.82. The corresponding values fo r  . inlet  B were about 0.23 and 
0.06. 

3 -  The ef fec ts  of angles of a t tack and yav on in le t   p ressme 
recovery were consistent w i t h  the  geoLm?try of the two inlets.   Increasing 
the  angle of at tack had sore beneficial   effect  on the press-me recovery 
oT" i n l e t  A but L i t t l e  e f f ec t  on i n l e t  B. Increasing  the  angle of yaw had - 
e. de t r i r en ta l   e f f ec t  on tke pressure recovery and buzz c h r a c t e r i s t i c s  of 
i n l e t  B but l i t t l e  e f f ec t  on i n l e t  A. 

4. The xse of area suction on t ae  inlet compression surfeces  resulted 
i n  maximum pressure  recoveries which were 0.02 t o  0.06 higher  than the 
recoveries of similar configxat ions  vi thout  area suction  but  did  not 
s ign i f i can t ly   a f f ec t   t he   i n l e t   s t ab i l i t y  rm-ge. 

5 .  The use  of area suction did not resu l t   in   s ign i f icm-t  changes of 
external drag a t  a given  mass-flov r a t i o  and, therefore, improved the 
thrust-minus-drag  characteristics of both  inlets.  

6. Eliminatior- of the bowdary-hyer  bleed system OF i n l e t  B by 
means of a fuselage  fairing hzd no ef fec t  on the thrust-minus-drag  char- 
ac t e r i s t i c s  of the  inlet .  

7. The total-pressure  variations a t  the compressor face  decreased 
for both  inlets  as t'ce cmpression angle increased. !!!he use of area 



suction  increased the overall  level of the total pressure but did not 
alter  the  variation of the  total  pressure  across  the  comgressor  face. 

Lengley Aeronautical  Laboratory, 
National  Advisory Comittee for'Aeronautics, 

Lsngley  Field, Va., October 21, 1954. 
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CALCin;ATIOR 05' TE3UST FARAMETER 

Tce calculation or" the tkrds t pe-rameter T - D  
'PI 

presented i n  

figures 21 and 22 is  based on the method described  in  reference 2. The 
thrust  quar-tities are based on the  characterist ics of a current turbo- 
.:et  engine  having  the air flow chzracter is t ics  a t  35,000 f e e t  which are 
Fresented in   f igure  31. The idea l   th rus t  at 100-percent  pressure  recovery 
is indicated by the symbol TI. The actual  engine thrust  T was assuned 
to decrease  1.25  Fercent fo r  every  percent loss of t o t a l  Dresswe 
recovery. Tce Lnlet  size T ~ . S  essuned t o  vary as required to supply  the 
correct  exomt of air t o   t h e  engine. The inlet   drag D was veried 
-.rith i n l e t   s i ze  ty assaxing +ht; tke  drag  increxient  betgeen  the  inlet 
and faired-nose  configurations was prwort ional   to   inlet   capture  =rea.. 
The maxi~un increznent Tnli?ich was applied  to  the  basic  inlet  drag  during 
these computations w a s  about  2  percent of the   ideal   thrust .  Tne r a t i o  
of i n l e t  area required  for   mtching  to  m d e l  in le t   a rea  i s  shown i n  
f igcres 21 er-d 22. 
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Section AA 

(a) Inlet  forebociy (balance supported) . 

(b) Mass-flow measuring assembly (sting supported). 

Figure 1.- Schematic drawing of inlet; forcbody and mass-flow measuring 
a6fiembly. All dimensions are i n  taches. 
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Figure 2.- Model without rear part of the mass-flow measuring assembly. 
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Figure 3.- Schematic drawing of inlet  A. A l l  dimensions are in inches. 
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Figure 4.- In le t  A.  
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Figure 5 .- Schematic drawing of i n l e t  B. A l l  dimensions are in .inches. 
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Figure 7.- Aree distribution in ducts of in le t s  A and B. 
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Porous material 
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Pressure difference across surface, Ib/ft2 
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7. rzgure  8.- Chrac te r i s t i c s  of porous cmpression surfaces withouk flow 
parellel t o  surface. 
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(a) Faired nose A. 

(b) Faireii nose B. 

Figme 9.- SchenAtic drzwing of faired-nose  configurations. 
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Figure 10.- Pressure-recovery and drag characteristics of inlet A with- 
out porous-ramp sur:f.aces . 
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Figure 10.- Continued. 
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Figure 11.- Pressure-recovery and drag  characteristics of inlet A with 
porous-ramp surface (1-AE) . $ = 12.5'. 
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Figure 13.- Cangarison of effect  of several porous-ramp surfaces on 
pressure-recovery and drag ch.=racteristics of i n l e t  A. a = 2'; 
g = 12.50. 
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Figure 14.- Effect of v a y i n g  extent of sorous-rw surTace (1) on the 
m x L ~ m  pressure-recovery and drag characteristics at a/% = 0.8. 
=et A; M = 1.82; a = 2O. 
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Figure 15.- Pressure-recovery and drag c?mracteristics of inlet B with- 
0z.t poroils-splitter surfaces. h = 0.21 inch. 
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Figure 16.- Pressure-recovery and drag clwecteristics of' i n l e t  B with 
porous-splitter surfaces (1-BC) . h = 0.22 inch; .# = 10 0 , 
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Figure 18.- Comparison of  effect of two porous-splitter  surfaces on 
pressure  recovery and drag characteristics of inlet B. M = 1.61; 
$d = 10’; a = 2’; h = 0.21 inch. - 
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Figure 19.- Effect of boundary-layer  bleed  height on pressure-recovery 
and dreg character is t ics  of i n l e t  I3 without  porous-splitter  surfaces. 
M = 1.61; $ = loo; a = 2O. 
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porous (I-AB) ramp surface. 

(c) Inlet B. #=7"; M=1.41. 

(e)  Inlet B. #=  IO"; M=1,61; 
DOTOUS (I-BC) d~iter surface, 

(d) Inlet B. +=IO"; M.1.61; 
no pomus suction. 

Flagged symbols 
denote  positive  angles 

(f) Inlet B. #=IO"; M= 1.82; (4) 
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Figure 20.- Effect of y a w  on buzz charactcrisbics of in le t s  A and B. 
a = 2O. 
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Figure 22.- Variation of drag and thrust-minus-drag chsracteristics for 
i n l e t  B. a = 2O. 
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Figure 23.- Effect of' porous-ramp surface (143) on total-pressure dis- 
tribution in diffuser  of inlet A. (d = 12.5'; a = 2'. 
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Figure 24.- Effect of porous-splitter surfaces (1-BC) on total-pressure 
distribution i n  diffuser of inlet; B. $ = lo0; a = 2', 



L 

. 

(c) 9 = 12.55 *o= -713; ro= .90; H (dl += I 2 . 5 O .  *o= .679; *= .951; 
0 

no porous suction. porous (1-AE) ramp surface. 

Figure 25.- Typical  total-pressure  dfstributions at compressor face of 
inlet  A. M = 1.61; a = 2O. 
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Figure 26.- Typical  total-pressure  distributions  at  compressor face of 
inlet B. M = 1.61; a = 2'. 
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Figure 27.- Lift and  pitching-moment  characteristics or inlet A. 
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Figure 28.- Lift and pitching-moment characteristics of' inlet B. 
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Figure 29.- L i f t ,  drag, a d  pitching-moment cher.xterist ics of faired-nose 
colll”iguretion A. 
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Figure 50.- Lift, drag, and pitching-moment characterfstics of faired-nose 
co-eigurat  ion B . 
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Figure 31.- A i r - f l o w  characteristics of turbojet  engine used  in tlmst- 
minus-drag cmputations . Altituae , 35,000 feet. 


